diet and cognitive decline in women with cardiovascular disease or risk factors..
INTRODUCTION 7
Substantial evidence supports the role of cardiovascular disease (CVD) and coronary risk 8 factors in both cognitive decline and dementia (1,2). Yet little is known regarding means of 9 preserving cognitive health in this high-risk group, a group representing as much as 70% of those 10 aged ≥ 65 years in the US (3). Certainly, diet is known to modulate cardiovascular processes (4), 11 and thus would appear a plausible behavioral approach to also reducing cognitive decline in 12 those with vascular conditions. While some previous studies have focused on individual nutrients 13 such as antioxidants, omega 3 fatty acids or B vitamins both in healthy participants and those 14 with vascular risk, clinical trials of these agents have not shown either major vascular (5-7) or 15 neuroprotective (8-10) effects in aging. In contrast, there may be additive and interactive effects 16 between individual dietary components within a dietary pattern, and both randomized trials 17 (11, 12) and cohort studies (13-15) have reported reduced cardiovascular outcomes with a 18 Mediterranean diet pattern in particular, which is characterized by high intakes of fruits and 19 vegetables, fish, cereals, legumes, and monounsaturated fat, moderate alcohol, and low amounts 20 of meat and dairy products (16). Through modulation of vascular processes, Mediterranean diet 21 may then potentially slow cognitive aging. However, there has been very limited prospective 22 research on the Mediterranean diet and cognitive health (17) (18) (19) , and to our knowledge, no data 23 in those with prevalent vascular disease or risk factors. In fact, even factors which may help 24 maintain cognition in healthy older persons, may not be equally effective in those with existing 25 vascular disease, as pathology in the later is likely more severe and potentially less tractable. 26 2 Thus, the potential effect of Mediterranean diet on cognitive decline was specifically evaluated 27 in older persons with vascular disease, utilizing data from the cognitive ancillary study among 28 the oldest participants in the Women"s Antioxidant Cardiovascular Study (WACS), a trial of 29 secondary prevention of CVD. Of the 3170 eligible women, 190 were unreachable, 156   51 declined participation, and 2824 (95% of contacted women) completed the initial telephone 52 cognitive assessment. These women received three follow-up assessments at two-year intervals 53 until 2005; 93% completed at least two cognitive assessments, and 81% completed at least three 54 among four. For the fourth assessment, 24% of participants were not contacted as only a short 55 interval had passed between their third interview and the trial end. The mean time from the initial 56 to the last cognitive assessment was 5.4 years (range 4.1-6.1 years). 57 For this study on diet and cognitive decline, 320 participants among the 2824 with initial 58 cognitive assessment were excluded because of incomplete dietary information. Thus, the 59 analysis sample for the present study was comprised of 2504 women. asked to name as many animals as possible in one minute, was also administered. 68 The primary outcome was the rate of change from the initial through the last assessment in benefits. First, since diet was assessed at somewhat younger ages, it is likely less influenced by 86 "reverse" causationthat is, changes in diet due to underlying cognitive status. Moreover, 87 biologically, diet at more remote timepoints is probably more relevant to brain health than more 88 immediate diet, as cognitive decline develops over many years (27) . 89 A widely-used method based on a 0 to 9-point scale was implemented to evaluate the 90 degree of individual adherence to a Mediterranean diet pattern (30-32), where higher scores 91 indicated stricter adherence. First, dietary intakes were energy-adjusted using the residual 92 method. Then, for each of nine major components of the Mediterranean diet (vegetables, 93 legumes, fruits, cereals, fish, meat, dairy products, ratio of monounsaturated to saturated fat and 94 alcohol), a value of zero or one was assigned, according to presumed level of health benefit. 95 5 Specifically, women whose consumption of vegetables, legumes, fruits, cereals, fish, and 96 monounsaturated to saturated fat ratio was above the median consumption in the study 97 population were assigned a value of one, and a value of zero otherwise. In contrast, women 98 whose consumption of meat and dairy products was above the median consumption were 99 assigned a value of zero and a value of one otherwise. Finally, for alcohol intake, women with 100 mild-to-moderate alcohol consumption (from 5 to 25 g of alcohol per day) were assigned a value 101 of one and a value of zero otherwise (31,32). The Mediterranean diet score was generated by 102 adding all the binary component scores. Its mean was 4.2 (SD, 1.8) and its distribution was 103 normal. This sum was then divided into three categories (low, middle and high), broadly 104 corresponding to tertiles: 0-3; 4-5; 6-9. Mean intakes of consumption for the nine diet 105 components are presented in Table 1 . 106 In secondary analysis, an alternate definition for the Mediterranean diet adherence was testing. All models were fitted by maximum likelihood method using the SAS software (SAS 150 release 9.1, SAS Institute Inc., Cary, NC). 151 Basic models included adjustment for age at initial cognitive assessment, educational 152 attainment, and energy from diet. Full multivariable models further adjusted for WACS 153 randomization assignments, and numerous lifestyle and health variables (as described above). 154 Secondary analysis also adjusted for incident vascular events during follow-up. 155 Given the possibility that age, education, depression, cardiovascular profile at baseline or 156 cognitive status at initial assessment could modify the association between Mediterranean diet 157 and cognitive decline, interaction terms for these variables and Mediterranean diet score were 158 evaluated, and stratified analyses by these variables were conducted as well. In the study population, mean intakes of vegetables and legumes nearly doubled across 169 tertiles of Mediterranean diet score and mean intakes of fruit, fish and grains increased by nearly 170 50% ( Table 1) . Proportion of mild-to-moderate alcohol consumers was 9% in the first tertile, 171 17% in the second and 30% in the third tertile of Mediterranean diet score. 172 As expected, stricter adherence to the Mediterranean diet was linked with higher education, 173 lower body mass index and generally healthier behaviors (e.g., greater physical activity, less 174 smoking) (Table 2) . Importantly, adherence to Mediterranean diet was not clearly associated (Table 3) . For example, the mean multivariable-adjusted difference (95% confidence interval 185 (CI)) in rates of change in the global composite score was 0.01 (-0.01, 0.02) between the second 186 9 tertile and the first tertile of Mediterranean diet score, and 0.00 (-0.02, 0.01) between the top 187 tertile and the first tertile (p-value for trend: 0.88). 188 Results were not substantially altered when models were controlled for incident major 189 cardiovascular events during follow-up. In addition, results were consistently null when the 190 Mediterranean diet score was considered as a continuous variable (e.g., for the global composite 191 score, mean difference per additional score point was -0.001 (p-value for trend=0.40). intakes of vegetables, cereals and a much higher monounsaturated / saturated fat ratio than the 228 other studies from the US, and was quite similar to that in the French cohort, which also found 229 null associations with decline in cognition (except for MMSE) and with dementia. Moreover, it 230 is possible that prevention is even more challenging in those with prevalent vascular disease or 231 risk factors, as in WACS. 232 11 Limitations of this study should be discussed. The WACS dietary data were collected at 233 trial baseline with a self-administered food frequency questionnaire, which although widely used 234 in epidemiologic studies (29), is subject to misclassification of exposures. This misclassification 235 is highly likely to be non-differential because diet was assessed 3.5 years before cognitive 236 function assessment; such non-differential misclassification would bias results towards the null 237 and may explain the observed lack of association between Mediterranean diet and cognitive 238 decline. However, other studies of diet and cognitive decline using this food frequency 239 questionnaire in populations of health professionals have reported strong relations between diet 240 and cognition (35, 36) , indicating that misclassification is likely not a primary factor in the results 241 here. Moreover, the two studies which have found associations between the Mediterranean diet 242 and cognitive health (19,37) both used the same food frequency questionnaire to collect their 243 dietary data. More importantly, the single assessment of dietary habits in late adulthood may not 244 reflect the long-term dietary intakes of participants (in particular at midlife), which may be more 245 etiologically relevant. This may be particularly true in this population of women at high 246 cardiovascular risk, who were likely encouraged to change their diet at some point. To address 247 this, the analyses were carefully adjusted for participants" cardiovascular profiles at WACS 248 baseline. Indeed, those with clinical disease rather than only risk factors may be more motivated 249 to change their diet. Also, subgroup analyses were conducted only among women who reported 250 at baseline that their diet changed very little in the past five years. All of these approaches 251 yielded findings very similar to the main analyses. Moreover, long-term dietary change is hard to 252 achieve even in those with vascular risk (38,39) and no evidence was found in the data that 253 Mediterranean diet adherence was related to level of clinical cardiovascular disease, suggesting 254 that adoption of a Mediterranean diet was likely not determined or highly influenced by 255 12 underlying health. In addition, the study population showed fairly wide ranges in reported intake 256 of many components in the Mediterranean diet (e.g., a doubling or near doubling in vegetables 257 and legumes intakes from bottom to top tertile and 50% increase in fruit and grain intake), thus 258 there was large variability in the Mediterranean diet across participants. 259 Concerning the cognitive evaluation, a telephone assessment might lack validity. However, 
